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$EVWUDFW  ,Q WKLV SDSHU PRUH WKDQ WHQ GLIIHUHQW LURQ ORVV
PRGHOVDUHH[SHULPHQWDOO\HYDOXDWHGZKLFKFRYHUDOWHUQDWLQJDQG
URWDWLQJILHOGVLQIOXHQFHRIWHPSHUDWXUH'&ELDVIOX[GHQVLW\DQG
GLVWRUWHG IOX[ GHQVLW\ GXH WR 3:0 LQYHUWHU ,URQ ORVV PRGHOV
FRQVLGHULQJ DOWHUQDWLQJ ILHOGV DUH HYDOXDWHG E\ WKH PHDVXUHG
UHVXOWV RI D ODPLQDWLRQ ULQJ VSHFLPHQ 7KH LURQ ORVV PRGHO
FRQVLGHULQJURWDWLQJILHOGDQGQRQVLQXVRLGDO ILHOGDUHHYDOXDWHG
E\WKHPHDVXUHGUHVXOWVRIDQHOHFWULFDOPDFKLQHXQGHUGLIIHUHQW
FRQGLWLRQV 7KH LURQ ORVV PRGHOV FRQVLGHULQJ WHPSHUDWXUH
LQIOXHQFHDUHDOVRHYDOXDWHGE\WKHUPDODQDO\VHVDQGH[SHULPHQWDO
WHVWV%DVHGRQ WKHVH FRPSUHKHQVLYH LQYHVWLJDWLRQV WKH LURQ ORVV




,URQ ORVV LVRQHRI WKHPDMRU ORVVHV LQ HOHFWULFDOPDFKLQHV
7KH DFFXUDWH SUHGLFWLRQ RI WKH LURQ ORVV LV HVVHQWLDO IRU WKH





DGDSW GLIIHUHQW FRQGLWLRQV ,Q >@>@ WKH WHPSHUDWXUH
GHSHQGHQF\RIWKHLURQORVVLVLQYHVWLJDWHGDQGWKHQFRQVLGHUHG
LQ WKH PRGLILHGPRGHOV ,Q >@>@ WKH DGGLWLRQDO LURQ ORVV
LQWURGXFHGE\'&ELDVIOX[GHQVLW\LVPRGHOHG7KHLURQORVV
PRGHOVGHYHORSHG LQ >@>@ FRQVLGHU WKH LQIOXHQFHRI IOX[
GHQVLW\ GLVWRUWLRQXVXDOO\ FDXVHGE\ SXOVH ZLGWK PRGXODWLRQ
3:0LQYHUWHUVRQWKHLURQORVV$OOWKHLURQORVVPRGHOVLQ
>@>@ DUH EDVHG RQ DOWHUQDWLQJ IOX[ GHQVLW\ +RZHYHU LQ
HOHFWULFDOPDFKLQHVWKHIOX[GHQVLW\FDQEHURWDWLRQDO'LIIHUHQW
PRGHOV KDYH EHHQ GHYHORSHG LQ >@>@ WR FRQVLGHU WKH
LQIOXHQFH RI URWDWLRQDO ILHOG 'LIIHUHQW LURQ ORVV PRGHOV DUH
HYDOXDWHG DQG FRPSDUHG LQ >@ +RZHYHU QR WKHUPDO
HYDOXDWLRQLVFDUULHGRXWZKLFKLVFULWLFDOIRUHOHFWULFDOPDFKLQH
ORVV SUHGLFWLRQ )XUWKHUPRUH %+ ORRSV XQGHU GLIIHUHQW
WHPSHUDWXUHVVKRXOGEHPHDVXUHGWRGHPRQVWUDWHWKHLURQORVV
EHKDYLRXU 7KHUHIRUH IXUWKHU ORVV DQG WKHUPDO HYDOXDWLRQV
EDVHG RQ ERWK ODPLQDWLRQ DQG HOHFWULFDO PDFKLQH WHVWV DUH
QHFHVVDU\WRYDOLGDWHWKHHIIHFWLYHQHVVRIWKHLURQORVVPRGHOV
LQHOHFWULFDOPDFKLQHGHVLJQ
,Q WKLV SDSHU PRUH WKDQ WHQGLIIHUHQW LURQ ORVV PRGHOV DUH
HYDOXDWHGDJDLQVWWKHPHDVXUHGUHVXOWV7KLVSDSHULVRUJDQL]HG
DV IROORZV ,Q 6HFWLRQ ,, WKH LURQ ORVV WHVW PHWKRG LQ VWHHO
ODPLQDWLRQ ULQJ VSHFLPHQ LV LOOXVWUDWHG %DVHG RQ WKH ULQJ




WHVWV %\ VHOHFWLQJ WKH PRVW DFFXUDWH LURQ ORVV PRGHO
FRQVLGHULQJ DOWHUQDWLQJ IOX[ GHQVLW\ WKH URWDWLRQDO ILHOG
LQIOXHQFHRQWKHLURQORVVLVGLVFXVVHGLQ6HFWLRQ9'LIIHUHQW
LURQORVVPRGHOVIRUURWDWLRQDOIOX[GHQVLW\DUHHYDOXDWHGDJDLQVW
WKH WHVWLQJ UHVXOWV RI DQ HOHFWULFDO PDFKLQH ,Q 6HFWLRQ 9,
GLIIHUHQW LURQ ORVV PRGHOV FRQVLGHULQJ QRQVLQXVRLGDO IOX[




7KH ULQJ VSHFLPHQ LURQ ORVV WHVW KDV EHHQ ZLGHO\ XVHG WR
PHDVXUHWKHLURQORVVRIVWHHOODPLQDWLRQVXQGHUDOWHUQDWLQJIOX[
GHQVLW\>@>@7KHPHDVXUHPHQWV\VWHPLVVKRZQLQ)LJ
7DEOH ,VKRZV WKHSDUDPHWHUV RI WKH ULQJVSHFLPHQ7KH ULQJ
VSHFLPHQLVZRXQGHGE\WKHH[FLWDWLRQFRLODQGWKHPHDVXULQJ
FRLO 7KH H[FLWDWLRQ FRLO LV VXSSOLHG E\ DQ $& SRZHU VRXUFH
ZKLFK LV WKH&DOLIRUQLD ,QVWUXPHQWL/ LQ WKLVSDSHU7KH
PHDVXULQJFRLOKDYLQJWKHVDPHQXPEHURIWXUQVZLWKH[FLWDWLRQ
FRLO LV FORVHO\ZRXQGHG WRJHWKHUZLWK WKH H[FLWDWLRQ FRLO DQG
FRQQHFWHGWRWKHRVFLOORVFRSHWRPHDVXUHWKHLQGXFHGYROWDJH
7KXV WKH YROWDJH GURS RQ WKH H[FLWDWLRQ FRLO¶V UHVLVWDQFH LV
H[FOXGHGLQWKHPHDVXUHGLQGXFHGYROWDJH7KHFXUUHQWLQWKH
H[FLWDWLRQ FRLO LV PHDVXUHG E\ WKH 7HNWURQL[ $ FXUUHQW
SUREH7KHLURQORVVGHQVLW\݌୊ୣWKHILHOGVWUHQJWKܪሺݐሻDQGWKHIOX[GHQVLW\ܤሺݐሻFDQEHFDOFXODWHGDV
݌୊ୣ ൌ  ?ܶߩܸ න ݑሺݐሻ݅ሺݐሻ݀ݐ்଴  ܪሺݐሻ ൌ ܰ݅ሺݐሻ݈ୣ୤୤  ܤሺݐሻ ൌ ׬ ݑሺݐሻ݀ݐܰܣ  
ZKHUH݌୊ୣ LV WKH LURQ ORVV GHQVLW\ݑሺݐሻLV WKH LQVWDQW LQGXFHG
YROWDJHRIWKHPHDVXULQJFRLO݅ሺݐሻLVWKHLQVWDQWFXUUHQWLQWKH
H[FLWDWLRQ FRLOܶ LV WKH WLPH SHULRG RI WKH FXUUHQW DQG WKH
YROWDJHߩDQGܸDUH WKH PDVV GHQVLW\ DQG WKH YROXPH RI WKH
ULQJ VSHFLPHQ UHVSHFWLYHO\ܰLV WKH QXPEHU RI WXUQV RI WKH
H[FLWDWLRQFRLODQGWKHPHDVXULQJFRLO݈ୣ୤୤LVWKHHIIHFWLYHOHQJWKRI WKHULQJVSHFLPHQܣLV WKHFURVVVHFWLRQDO DUHDRI WKH ULQJ
VSHFLPHQ
,Q RUGHU WR LQYHVWLJDWH WKH LQIOXHQFHRI WHPSHUDWXUHRQ WKH
LURQORVVWKHULQJVSHFLPHQFDQEHKHDWHGE\LWVRZQLURQORVV
WRWKHGHVLJQDWHWHPSHUDWXUH$.W\SHWKHUPDOFRXSOHLVDOVR
LQVWDOOHG WR PHDVXUH WKH WHPSHUDWXUH 7KXV LURQ ORVV XQGHU












& DQG & DUH GLIIHUHQW ZKHQ WKH IOX[ GHQVLW\ DQG
IUHTXHQF\ DUH WKH VDPH ,Q RWKHU ZRUG WKH WHPSHUDWXUH
LQIOXHQFHV WKH LURQ ORVV VLJQLILFDQWO\ 7KLV SKHQRPHQRQ LV
LQYHVWLJDWHGLQ>@DQGPRGHOOHGLQ>@DQG>@)LJVKRZV
WKH PHDVXUHG %+ ORRSV DW GLIIHUHQW WHPSHUDWXUHV DQG
IUHTXHQFLHV )LJ  VKRZV WKH %+ ORRSV DW GLIIHUHQW
WHPSHUDWXUHV DQG IUHTXHQFLHV RQ WKH IOX[ GHQVLW\ VDWXUDWLRQ























































































ORVV VHSDUDWLRQ PDNHV LW HDVLHU WR XQGHUVWDQG WKH LURQ ORVV
PHFKDQLVP ,QYHVWLJDWLRQVRQEHKDYLRUVRIGLIIHUHQW LURQ ORVV
FRQWULEXWLRQV DOVR SURYLGH PRUH SUDFWLFDO ZD\V WR PRGHO WKH
LURQORVV7KHLURQORVVRIPDJQHWLFPDWHULDOVFDQEHFRQFOXGHG
DVWKHVXPRIK\VWHUHVLVDQGG\QDPLFORVVHVDV>@݌୊ୣ ൌ ݌୦ ൅ ݌ୢ 







ZDOO PRWLRQ ZKLFK LV QRW FRQVLGHUHG LQ WKH FODVVLFDO HGG\
FXUUHQW ORVV PRGHOV 7KHUHIRUH D FRQFHSW RI H[FHVV ORVV LV
LQWURGXFHGWRH[SODLQWKLVDGGLWLRQDOORVV7KHG\QDPLFORVV݌୦WKHQ UHSUHVHQWV WKH VXP RI WKHVH WZR SDUWV RI ORVVHV LH WKH
FODVVLFDOHGG\FXUUHQWORVV݌ୡ୪DQGWKHH[FHVVORVV݌ୣ୶ୡ7KHFODVVLFDOHGG\FXUUHQW ORVVUHSUHVHQWV WKH-RXOHORVVRI
HGG\ FXUUHQW UHJDUGOHVV RI WKH GRPDLQ ZDOO PRWLRQ 7KH
FODVVLFDO HGG\ FXUUHQW ORVV݌ୡ୪ LV LQIOXHQFHG E\ WKH HOHFWULFDOSURSHUWLHVRIWKHPDWHULDO7KHH[FHVV ORVV݌ୣ୶ୡUHSUHVHQWVWKHORVV SURGXFHG E\ WKH PRWLRQ RI GRPDLQ ZDOOV ZKHQ WKH
PDWHULDOVDUHH[SRVHGWRYDU\LQJPDJQHWLFILHOG7KHH[FHVVORVV݌ୣ୶ୡGHSHQGVRQWKHPLFURVWUXFWXUHSDUDPHWHUVRIWKHPDWHULDO>@>@7KHLURQORVVFDQEHWKHQH[SUHVVHGE\WKHWKUHHWHUP
IRUPXODLQFOXGLQJWKHK\VWHUHVLVORVVWKHFODVVLFDOORVVDQGWKH




WHVW 7KH FODVVLFDO HGG\ FXUUHQW ORVV LV FDOFXODWHG E\ WKH
SURSHUWLHVRIWKHVWHHOODPLQDWLRQV7KHH[FHVVORVVFRHIILFLHQW݇ୣ୶ୡFDQEHREWDLQHGE\WKHFXUYHILWWLQJRIWKHWHVWUHVXOWV7KHLURQORVVPRGHOFDQEHH[SUHVVHGDV݌୊ୣ ൌ ݇୦݂ܤ୫ఈ ൅ ߪ݀ଶ ? ? ?ܶන ൬݀݀ܤݐ ൰ଶ்଴ ݀ݐ ൅ ݇ୣ୶ୡܶ න ฬ݀݀ܤݐ ฬଵǤହ்଴ ݀ݐ ZKHUHߪDQG݀DUHWKHHOHFWULFDOFRQGXFWLYLW\DQGWKHWKLFNQHVV
RIWKHODPLQDWLRQܶLVWKHWLPHSHULRG
,W LV FRQFOXGHG LQ >@ WKDW E\ WKH (SVWHLQ IUDPH WHVW WKH
FRQWULEXWLRQV RI FODVVLFDO HGG\ FXUUHQW ORVV DQG H[FHVV ORVV
FDQQRWEHVHSDUDWHG(LJKWGLIIHUHQWPDWHULDOVDUHLQYHVWLJDWHG
ZLWKDIOX[GHQVLW\IURP7XSWR7DQGIUHTXHQF\IURP
+] XS WR +] =HUR H[FHVV ORVV FRHIILFLHQW LV WKHQ
LGHQWLILHG$WZRWHUPLURQORVVPRGHOLVGHYHORSHG,WVKRXOG
EHQRWHGWKDWWKH]HURH[FHVVORVVFRHIILFLHQWLQWKLVPRGHOGRHV
QRW PHDQ WKDW WKH DFWXDO H[FHVV ORVV LV ]HUR ,W SURYLGHV DQ
HQJLQHHULQJPHWKRGWRFRQVLGHUWKHFODVVLFDOHGG\FXUUHQWORVV
DQG H[FHVV ORVVHV DV D FRPELQHG JOREDO HGG\ FXUUHQW 7KLV
PRGHO LVDOVRDSSOLHGZLGHO\GXHWRLWVJRRGDSSOLFDELOLW\>@













SUHVHQWHGLQ>@݌୊ୣ ൌ ݇୦ሺ݂ǡ ܤ୫ሻ݂ܤ୫ଶ ൅ ݇ୣሺ݂ǡ ܤ୫ሻ݂ଶܤ୫ଶ  
,Q RUGHU WR VLPSOLI\ WKH PRGHOOLQJ RI WKH FRHIILFLHQWV WKH
YDULDWLRQ RI FRHIILFLHQWV ZLWK WKH IUHTXHQF\ LV FRQVLGHUHG E\
XVLQJ WZR VHWV RI UHVXOWV UHSUHVHQWLQJ WKH ORZ DQG KLJK
IUHTXHQF\ UHJLRQV ,Q WKLV VWXG\ WKH ORZ IUHTXHQF\ FRYHUV
+] +] DQG +] ZKLOVW WKH KLJK IUHTXHQF\ FRYHUV
+]+]DQG+]7KLVPHWKRGLVDOVRXVHGLQ>@
,W FDQ EH VHHQ IURP WKH LURQ ORVV PRGHOV  WKDW WKH
FRHIILFLHQWVDUHYHU\LPSRUWDQWIRUWKHSUHGLFWLRQDFFXUDF\7KH
LURQ ORVVFRHIILFLHQWV DUHFRQVWDQWV LQPRGHOV  DQG
ZKLOHWKHFRHIILFLHQWVDUHYDULDEOHVLQPRGHO7DEOH,,OLVWV
WKH FRHIILFLHQWV IRU LURQ ORVV PRGHOV   DQG  )LJ 
VKRZV WKH YDULDEOH FRHIILFLHQWV RI LURQ ORVV PRGHO  7KH
YDOXHVRIWKHVHFRHIILFLHQWVDUHGLIIHUHQWIURPHDFKRWKHUGXHWR
GLIIHUHQW REWDLQLQJ PHWKRGV 7KH FRHIILFLHQWV LQ  DUH DOO









)LJ  VKRZV WKH UHODWLYH SUHGLFWLRQ HUURUV RI WKH LURQ ORVV
PRGHOV7DEOH,,,VKRZVWKHQXPHULFDOUHVXOWV$FFRUGLQJWRWKH
FRPSDUDWLYHUHVXOWVVRPHFRQFOXVLRQVFDQEHPDGHDV







WKH WKUHHWHUP PRGHO  ZKLOH WKH PRGHO  LV HDVLHU WR
LPSOHPHQWGXHWROHVVFRHIILFLHQWV
F 7KH DFFXUDF\ RI WKH PRGHO  LV PXFK EHWWHU WKDQ WKH
PRGHOVDQGZLWKWKHKHOSRIYDULDEOHFRHIILFLHQWV





WKH IUHTXHQF\7KLVSKHQRPHQRQ LV DOVR UHSRUWHG LQ >@ DQG
>@2QWKHRWKHUKDQGWKHSUHGLFWLRQDFFXUDF\NHHSVJRRGDQG




3DUDPHWHUVIRULURQORVVPRGHO݇୦ ݇ୡ୪ ݇ୣ୶ୡ ߙî î î 











,URQORVVPRGHO    






























































































































FRHIILFLHQWV RI WKH LURQ ORVV PRGHO DW GLIIHUHQW WHPSHUDWXUHV
7KHLURQORVVDWGLIIHUHQWWHPSHUDWXUHVFDQEHWKHQSUHGLFWHGE\
XVLQJ WKHVH FRHIILFLHQWV REWDLQHG DW GLIIHUHQW WHPSHUDWXUHV
+RZHYHU WKH FRHIILFLHQWV KDYH WR EH PHDVXUHG DW PDQ\
GLIIHUHQW WHPSHUDWXUHV ZKLFK LV YHU\ WLPH FRQVXPLQJ





WKH LURQ ORVV PRGHO  KDV WKH EHVW DFFXUDF\ ZKHQ WKH
WHPSHUDWXUH LV FRQVWDQW 7KHUHIRUH LQ WKLV VHFWLRQ GLIIHUHQW
PHWKRGV IRU PRGHOOLQJ WKH WHPSHUDWXUH GHSHQGHQF\ ZLOO EH
FDUULHGRXWEDVHGRQLURQORVVPRGHO
$VSUHVHQWHGLQ>@LQRUGHUWRWDNHWKHWHPSHUDWXUHLQIOXHQFH
LQWR DFFRXQW RQH PHWKRG LV WR FRQVLGHU WKH WHPSHUDWXUH
GHSHQGHQF\RIHGG\FXUUHQWORVVZKLOHDVVXPLQJK\VWHUHVLVORVV
LVFRQVWDQW7KHHGG\FXUUHQW ORVVFRHIILFLHQWLV UHODWHGWRWKH
HOHFWULFDO UHVLVWLYLW\ 7KH UHODWLRQVKLS EHWZHHQ UHVLVWLYLW\ DQG
WHPSHUDWXUHFDQEHH[SUHVVHGDVߩሺܶሻ ൌ ߩ బ்ሾ ?൅ ߙሺܶ െ ଴ܶሻሿ 
ZKHUH ߩሺܶሻ LV WKH UHVLVWLYLW\ DW WHPSHUDWXUH ܶ  ߩ బ் LV WKHUHVLVWLYLW\ DW WKH EDVH WHPSHUDWXUH ଴ܶ  ߙ LV WKH WHPSHUDWXUHFRHIILFLHQWSURYLGHGE\PDQXIDFWXUHUV7KHLURQORVVPRGHOFDQ
EHH[SUHVVHGDV݌୊ୣ ൌ ݇୦݂ܤ୫ଶ ൅ ݇ୣ ?൅ ߙሺܶ െ ଴ܶሻ ݂ଶܤ୫ଶ  7KHWHPSHUDWXUHGHSHQGHQWRIHGG\FXUUHQWORVVLVFRQVLGHUHG
LQ+RZHYHUDVUHSRUWHGLQ>@WKHK\VWHUHVLVORVVLVDOVR




FRHIILFLHQWV DUH LQWURGXFHG WKH LURQ ORVV PRGHO FRQVLGHULQJ




SUHGLFWLRQ UHODWLYH HUURUV DW & ,W FDQ EH VHHQ WKDW WKH





RYHU WKDW RI PRGHO  ZLWK WKH KHOS RI WKH WHPSHUDWXUH
GHSHQGHQWUHVLVWLYLW\+RZHYHUWKHSUHGLFWLRQHUURUVRIPRGHO
 VWLOO YDU\ZLWK WKH WHPSHUDWXUH VLJQLILFDQWO\ ,URQ ORVV LV
RYHUHVWLPDWHG RU XQGHUHVWLPDWHG GUDPDWLFDOO\ ZKHQ WKH
WHPSHUDWXUH LV KLJK 7KLV LV FDXVHG E\ WKH WHPSHUDWXUH
GHSHQGHQF\RIK\VWHUHVLVORVVZKLFKLVQRWWDNHQLQWRDFFRXQW
LQ PRGHO  2Q WKH RWKHU KDQG LURQ ORVV PRGHO  FDQ






,URQORVVPRGHO   
5HODWLYHHUURU   
& (YDOXDWLRQLQDQ(OHFWULFDO0DFKLQH
,QRUGHUWRHYDOXDWHWKHDYDLODELOLW\RIWKHLURQORVVPRGHOVLQ
HOHFWULFDO PDFKLQH GHVLJQ LW LV QHFHVVDU\ WR FDUU\ RXW WKH
HOHFWULFDOPDFKLQHWHVWLQWKLVSDSHU$VORWSROHLQWHULRU
SHUPDQHQW PDJQHW ,30 PDFKLQH LV XVHG IRU WKH WHVW 7KH
GLDPHWHUVRIWKHPDFKLQHDUHOLVWHGLQ7DEOH97KHWHVWV\VWHP
LV LQWURGXFHG LQWKLVVHFWLRQDW ILUVW7KHLURQ ORVVPRGHOVDUH
WKHQHYDOXDWHGE\FRPSDULQJWKHSUHGLFWLRQUHVXOWVZLWKWKHWHVW
UHVXOWV7KHWHVWV\VWHPLVVKRZQLQ)LJ7KHURWRULVORFNHG





WKHUPDO FRXSOHV DUH HTXLSSHGDW WKH VWDWRU \RNH WKH FRLO WKH
VWDWRU WRRWK WKH WRRWK WLS WKH URWRUPDJQHWVORWDQGWKH URWRU
\RNHDVVKRZQLQ)LJ
)LUVWO\ WKH LURQ ORVVHV DUH PHDVXUHG E\ DSSO\LQJ WKH SUH
WXQHGLQSXWFXUUHQWDWURRPWHPSHUDWXUH7KHLURQORVVHVXQGHU
GLIIHUHQWFXUUHQWVDWURRPWHPSHUDWXUH&FDQEHREWDLQHG
6HFRQGO\ WKH HOHFWULFDO PDFKLQH LV KHDWHG WR WKH WDUJHW
WHPSHUDWXUHE\LWVRZQORVVHV)LJVKRZVWKHWHPSHUDWXUH
YDULDWLRQLQGLIIHUHQWSDUWVRIWKHHOHFWULFDOPDFKLQHZKHQWKH
SKDVH FXUUHQW LV $ LQ 506 YDOXH DW +] 7KH
WHPSHUDWXUHNHHSVVWDEOHDIWHUWZRKRXUVKHDWLQJVLQFHWKHKHDW
WUDQVIHU LV DOPRVW FRPSOHWHG 7KH KRWWHVW SDUW LV LQ WKH FRLO
&DQG WKHFRROHVWSDUW LVDW WKHVWDWRU\RNH&DIWHU
KHDWLQJWKHDYHUDJHWHPSHUDWXUHRIGLIIHUHQWSDUWLV&7KH










GLIIHUHQW LURQ ORVVPRGHOV7KH WHPSHUDWXUH GHSHQGHQW ORVVHV
FRHIILFLHQWVIRUWKHFRUHDUHREWDLQHGE\WKHULQJVSHFLPHQWHVWV







PRGHOV DW & DQG & 7DEOH 9, VKRZV WKH UHODWLYH
SUHGLFWLRQ HUURUV RI GLIIHUHQW LURQ ORVV PRGHOV 7KH UHODWLYH




ORZ IUHTXHQFLHV DUH YHU\ VPDOO ,Q WKLV FLUFXPVWDQFH HYHQ D
VPDOO PHDVXULQJ HUURU FDQ OHDG WR D KXJH UHODWLYH HUURU LQ
SHUFHQWDJH7KHODUJHUHODWLYHHUURUVDWORZIUHTXHQF\LQFUHDVH
WKH DYHUDJH UHODWLYH HUURUV UHVXOWV 7KLV LV WKH UHDVRQ WKDW WKH




GXH WR WKH FRPSUHKHQVLYH FRQVLGHUDWLRQ RQ WKH WHPSHUDWXUH
GHSHQGHQFLHVRIK\VWHUHVLVDQGHGG\FXUUHQWORVVHV
7$%/(93$5$0(7(562)(/(&75,&$/0$&+,1(
6WDWRUPDWHULDO 9$ 5RWRUPDWHULDO 9$
6ORWQXPEHU  7RRWKERG\ZLGWK PP
3ROHQXPEHU  6ORWRSHQLQJ PP
6WDWRURXWHUUDGLXV PP 6WDFNOHQJWK PP
6WDWRULQQHUUDGLXV PP $LUJDSOHQJWK PP




,URQORVVPRGHO   







)LJ  0HDVXUHG DQG SUHGLFWHG UHVXOWV RI HOHFWULFDO PDFKLQH ZKHQ WKH
WHPSHUDWXUHLV&DQG&
' )XUWKHU 7KHUPDO (YDOXDWLRQ RI 0RGHOV IRU &RQVLGHULQJ
7HPSHUDWXUH,QIOXHQFH








WHVW 7KH 0RWRU&$' VRIWZDUH >@ LV XVHG IRU WKH WKHUPDO




WR HOLPLQDWH WKHPDJQHW ORVV DQGPHFKDQLFDO ORVV7KHUHIRUH
RQO\LURQORVVDQGFRSSHUORVVDUHLQFOXGHGLQWKHLQSXWSRZHU
WR WKH WKHUPDO PRGHO )LJ D VKRZV WKH WKHUPDO DQDO\VLV
PHWKRG E\ XWLOL]LQJ WKH LURQ ORVV PRGHO  ZKHUH RQO\ WKH
WHPSHUDWXUH GHSHQGHQF\ RI FRSSHU ORVV LV FRQVLGHUHG 7KH
FDOFXODWHGFRSSHUORVVYDULHVZLWKWKHWHPSHUDWXUHFKDQJHDQG
IHHGEDFNVWRWKHLQSXWSRZHUGXULQJWKHDQDO\VLV7KHLURQORVV
NHHSV FRQVWDQW GXULQJ WKH DQDO\VLV 2Q WKH RWKHU KDQG WKH
WKHUPDODQDO\VLVPHWKRGVE\PRGHOVDQGDUHVKRZQLQ
)LJE%RWKWKHFDOFXODWHGLURQORVVDQGFRSSHUORVVYDU\
















































)LJ  7KHUPDO DQDO\VLV PHWKRGV D $QDO\VLV PHWKRG IRU PRGHO  E
$QDO\VLVPHWKRGIRUPRGHORU





UHVXOWV DW W  PLQ DUH DOVR OLVWHG LQ 7DEOH 9,, ,W FDQ EH




PHWKRG ZLWK PRGHO  KDV WKH EHVW WHPSHUDWXUH SUHGLFWLRQ
DFFXUDF\GXHWRWKHIDFWWKDWWKHPRGHOIXOO\FRQVLGHUVWKH





































































)LJ  &RPSDULVRQ RI SUHGLFWHG DQG PHDVXUHG WHPSHUDWXUHV E\ XVLQJ D
([LVWLQJWKHUPDODQDO\VLVPHWKRGZLWKLURQORVVPRGHODQGE7KHUPDO
ORVV FRXSOLQJ PHWKRG ZLWK LURQ ORVV PRGHO  F 7KHUPDOORVV FRXSOLQJ
PHWKRGZLWKLURQORVVPRGHO
7$%/(9,,7(03(5$785(35(',&7,21(55256
3RVLWLRQV 0RGHO 0RGHO 0RGHO
6WDWRUWRRWK   
6WDWRU\RNH   
0DJQHWVORW   
5RWRU\RNH   







EH WKHQ REWDLQHG E\ WKH VXP RI LURQ ORVVHV DW WKHVH WZR
GLUHFWLRQVDV ݌୊ୣǡ୘୭୲ୟ୪ ൌ ݌୊ୣǡ୶ ൅ ݌୊ୣǡ୷ 
ZKHUH ݌୊ୣǡ୘୭୲ୟ୪ LV WKH WRWDO LURQ ORVV XQGHU URWDWLRQDO IOX[
GHQVLW\ ݌୊ୣǡ୶ DQG ݌୊ୣǡ୶ DUH WKH LURQ ORVV FDOFXODWHG E\ WKHDOWHUQDWLQJIOX[GHQVLW\RQ[D[LVDQG\D[LVUHVSHFWLYHO\
,Q >@ WKH URWDWLRQDO IOX[ GHQVLW\ LV GHFRPSRVHG LQWR WKH
PDMRUD[LVDQGPLQRUD[LVDVVKRZQLQ)LJLQVWHDGRIWKH[
D[LVDQGWKH\D[LV7KHLURQORVVFDQEHWKHQH[SUHVVHGDV݌୊ୣǡ୘୭୲ୟ୪ ൌ ݌୊ୣǡ୫ୟ୨୭୰ ൅ ݌୊ୣǡ୫୧୬୭୰ 
ZKHUH݌୊ୣǡ୫ୟ୨୭୰DQG݌୊ୣǡ୫୧୬୭୰DUH WKH LURQ ORVVHVFDOFXODWHGE\
WKHDOWHUQDWLQJIOX[GHQVLW\DORQJWKHPDMRUD[LVDQGWKHPLQRU
D[LVUHVSHFWLYHO\
,Q RUGHU WR HYDOXDWH GLIIHUHQW PHWKRGV IRU FRQVLGHULQJ
URWDWLRQDOIOX[GHQVLW\DQHOHFWULFDOPDFKLQHWHVWLVFDUULHGRXW
7KHHOHFWULFDOPDFKLQHWHVWSURFHGXUHLVLQWURGXFHGLQ6HFWLRQ
,9&7KH)($PRGHORI WKHPDFKLQH LVDOVREXLOW7KH IOX[






HYDOXDWHG E\ WKH FRPSDULVRQ EHWZHHQ WKH SUHGLFWHG DQG
PHDVXUHGUHVXOWV
)LJ  VKRZV WKH PHDVXUHG DQG SUHGLFWHG LURQ ORVVHV DW










EDVHG RQ WKH DVVXPSWLRQ WKDW WKH IOX[ GHQVLW\ ZDYHIRUP LV
VLQXVRLGDO +RZHYHU LQ DFWXDO HOHFWULFDO PDFKLQHV WKH IOX[
GHQVLW\FDQEHGLIIHUHQWIURPVLQXVRLGDO2QRQHKDQGWKH'&
ELDV IOX[ GHQVLW\ H[LVWV LQPDQ\ W\SHV RI HOHFWULFDO PDFKLQHV
VXFK DV SHUPDQHQWPDJQHW V\QFKURQRXV PDFKLQH 3060
EUXVKOHVV '& PDFKLQH %/'& DQG VZLWFKHG UHOXFWDQFH
PDFKLQH650HWF0RUHLPSRUWDQWO\'&ELDVIOX[GHQVLW\
FDQVLJQLILFDQWO\LQIOXHQFHWKHLURQORVV>@>@2QWKHRWKHU
KDQG HOHFWULFDO PDFKLQHV DUH XVXDOO\ SRZHUHG E\ 3:0
LQYHUWHUV7KHFXUUHQWZDYHIRUPRIHOHFWULFDOPDFKLQHVFDQEH









































































7KH LURQ ORVV PRGHO GHYHORSHG LQ >@ LV RQH RI WKH PRVW
ZLGHO\XVHGLURQORVVPRGHOVFRQVLGHULQJWKHLQIOXHQFHRI'&
ELDVIOX[GHQVLW\DV݌୊ୣ ൌ ߝሺܤୠ୧ୟୱሻ݇୦݂ܤ୫ଶ ൅ ݇ୣ݂ଶܤ୫ଶ  ߝሺܤୠ୧ୟୱሻ ൌ  ?൅ ݇ୈେܤୠ୧ୟୱఈ  
ZKHUH ݌୊ୣ LV WKH LURQ ORVV ߝሺܤୠ୧ୟୱሻ LV WKH UDWLR EHWZHHQK\VWHUHVLVORVVHVZLWKDQGZLWKRXW'&ELDVIOX[GHQVLW\݇୦DQG݇ୣ DUH WKH K\VWHUHVLV DQG HGG\ FXUUHQW ORVVHV FRHIILFLHQWVUHVSHFWLYHO\݂LV WKH IUHTXHQF\RI$&IOX[GHQVLW\ܤ୫LV WKHDPSOLWXGH RI $& IOX[ GHQVLW\ ݇ୈେ DQG ߙ DUH WKH '& ELDVFRHIILFLHQWVDQGFDQEHREWDLQHGE\VWHHOODPLQDWLRQWHVWV
$FFRUGLQJ WR WKH LQYHVWLJDWLRQ LQ >@ WKH FRHIILFLHQWߝሺܤୠ୧ୟୱሻ LV QRW RQO\ WKH '& ELDV IOX[ GHQVLW\ EXW DOVR WKHWHPSHUDWXUH GHSHQGHQW )XUWKHUPRUH K\VWHUHVLV DQG HGG\
FXUUHQW ORVV FRHIILFLHQWV ݇୦ DQG ݇ୣ DUH DOVR IOX[ GHQVLW\IUHTXHQF\DQGWHPSHUDWXUHGHSHQGHQWDVLOOXVWUDWHGLQ6HFWLRQ
,97KHUHIRUHDQLURQORVVPRGHOFRQVLGHULQJWKHWHPSHUDWXUH
GHSHQGHQFHRIIOX[GHQVLW\IUHTXHQF\DQG'&ELDVIOX[GHQVLW\
LVGHYHORSHGLQ>@DV݌୊ୣǡ் ൌ ߝሺܤୠ୧ୟୱǡ ܶሻ݇୦ሺ݂ǡ ܤ୫ǡ ܶሻ݂ܤ୫ଶ ൅ ݇ୣሺ݂ǡ ܤ୫ǡ ܶሻ݂ଶܤ୫ଶ  ߝሺܤୠ୧ୟୱ ǡ ܶሻ ൌ  ?൅ ݇ୈେሺܶሻܤୠ୧ୟୱఈሺ்ሻ 
)LJ  VKRZV PHDVXUHG '& ELDV FRHIILFLHQWV݇஽஼ DQGߙDWGLIIHUHQW WHPSHUDWXUHV %RWK݇ୈେ DQGߙ YDU\ DOPRVW OLQHDUO\ZLWK WKH WHPSHUDWXUH IRU WKH LQYHVWLJDWHG WHPSHUDWXUH UDQJH








FXUUHQW ORVV )LJ  VKRZV WKH PHDVXUHG DQG SUHGLFWHG LURQ
ORVVHVLQWKHHOHFWULFDOPDFKLQH,WFDQEHVHHQWKDWWKHLURQORVV






% ,URQ /RVV 0RGHO IRU (OHFWULFDO 0DFKLQH )HG E\ 3:0
,QYHUWHUV
:KHQ WKH HOHFWULFDO PDFKLQH LV IHG E\ 3:0 LQYHUWHU WKH
SKDVH FXUUHQW ZDYHIRUP FDQ EH VLJQLILFDQWO\ GLVWRUWHG IURP
VLQXVRLGDO 7KLV GLVWRUWHG FXUUHQW ZLOO FDXVH IOX[ GHQVLW\
IOXFWXDWLRQV LQ WKH HOHFWULFDO PDFKLQH 7KH K\VWHUHVLV PLQRU
ORRSVRFFXUDVVKRZQLQ)LJWKHLURQORVVLVWKHQLQIOXHQFHG
,Q RUGHU WR H[SODLQ WKLV LQIOXHQFH PRUH FOHDUO\ %+ ORRSV DW
GLIIHUHQWVZLWFKLQJIUHTXHQFLHVDUHWHVWHGLQWKHULQJVSHFLPHQ
)LJ  VKRZV PHDVXUHG %+ ORRSV DW GLIIHUHQW VZLWFKLQJ







PDFKLQHIHGE\3:0LQYHUWHULVGHYHORSHG݌୊ୣ ൌ ݇୫୧୬୭୰݇୦ሺ݂ǡ ܤ୫ǡ ܶሻ݂ܤ୫ଶ ൅ ෍ ݇ୣሺ݂ǡ ܤ୫ǡ ܶሻ݂ଶܤ୫ଶ  ݇୫୧୬୭୰ ൌ  ?൅ ݇  ?ܤ୫ ෍  ?ܤ௜ே௜ୀଵ  ZKHUH݇୫୧୬୭୰ LV WKH FRHIILFLHQW FRQVLGHULQJ WKH LQIOXHQFH RIK\VWHUHVLV PLQRU ORRSV ݇ LV WKH FRHIILFLHQW GHSHQGLQJ RQ
ODPLQDWLRQSURSHUWLHV ?ܤ௜ LVWKHDPSOLWXGHRIWKHIOX[GHQVLW\IOXFWXDWLRQVVKRZQLQ)LJ
,Q RUGHU WR HYDOXDWH WKH LURQ ORVV PRGHOV IRU HOHFWULFDO
PDFKLQHVIHGE\3:0LQYHUWHU7ZRVHWVRI WHVWVDUHFDUULHG
RXWLQWKLVVHFWLRQ2QHLVFRQGXFWHGZKHQWKHVORWSROH




































G63$&( FRQWUROOHU DW GLIIHUHQW VZLWFKLQJ IUHTXHQFLHV 7KH








 DQG  FDQ DFFXUDWHO\ SUHGLFW WKH LURQ ORVV :KHQ WKH
VZLWFKLQJ IUHTXHQF\ GHFUHDVHV WKH LURQ ORVV LQFUHDVHV











)LJ%+ORRSVDWGLIIHUHQWVZLWFKLQJIUHTXHQFLHVIVDQGWHPSHUDWXUHVZKHQWKH IXQGDPHQWDO IUHTXHQF\ I +]%P 7 D IV +] E IV N+] FIV N+]GIV N+]
)LJ&RPSDULVRQRIPHDVXUHGDQGSUHGLFWHGUHVXOWV
9,, &21&/86,216
,Q WKLV SDSHU PRUH WKDQ WHQ LURQ ORVV PRGHOV DUH
FRPSUHKHQVLYHO\ HYDOXDWHG DJDLQVW WKH PHDVXUHG LURQ ORVVHV
FRQVLGHULQJ DOWHUQDWLQJ DQG URWDWLQJ ILHOGV WHPSHUDWXUH
LQIOXHQFH IOX[ GHQVLW\ ZLWK '& ELDV DQG IOX[ GHQVLW\
IOXFWXDWLRQFDXVHGE\3:0LQYHUWHU6RPHFRQFOXVLRQVFDQEH
KLJKOLJKWHGDVEHORZ
 7KH LURQ ORVV PRGHO  GHYHORSHG LQ >@ KDV WKH EHVW
DFFXUDF\ ZKHQ WKH IOX[ GHQVLW\ LV DOWHUQDWLQJ VLQXVRLGDOO\ DW
FRQVWDQWWHPSHUDWXUHZLWKWKHKHOSRIYDULDEOHFRHIILFLHQWV

























































































 ,W LV PRUH DFFXUDWH WR FDOFXODWH WKH LURQ ORVV XQGHU









>@ * %HUWRWWL ³*HQHUDO SURSHUWLHV RI SRZHU ORVVHV LQ VRIW IHUURPDJQHWLF
PDWHULDOV´,(((7UDQV0DJQYROQRSS-DQ
>@ .$WDOODK=4=KXDQG'+RZH³$QLPSURYHGPHWKRGIRUSUHGLFWLQJ
LURQ ORVVHV LQ EUXVKOHVV SHUPDQHQW PDJQHW '& GULYHV´ ,((( 7UDQV
0DJQYROQRSS6HS












+ %HQ $KPHG 0 *DEVL ) 0D]DOH\UDW DQG 0 /R%XH
³&KDUDFWHUL]DWLRQ DQG SUHGLFWLRQ RI PDJQHWLF ORVVHV LQ VRIW PDJQHWLF
FRPSRVLWHV XQGHU GLVWRUWHG LQGXFWLRQ ZDYHIRUP´ ,((( 7UDQV 0DJQ
YROQRSS$SU
>@ 0 &RVVDOH $ .ULQJV - 6RXODUG $ %RJOLHWWL DQG $ &DYDJQLQR
³3UDFWLFDO LQYHVWLJDWLRQV RQ FREDOWLURQ ODPLQDWLRQV IRU HOHFWULFDO






WHPSHUDWXUH HIIHFWV RQ PDJQHWLF SURSHUW\ RI QRQRULHQWHG VLOLFRQ VWHHO
ODPLQDWLRQ´,(((7UDQV0DJQYROQRSS1RY
>@ 6;XH-)HQJ6*XR-3HQJ:4&KXDQG=4=KX³$QHZLURQ




RI K\VWHUHVLV ORVVHV LQ LURQ VKHHWV XQGHU '&ELDVHG LQGXFWLRQV´ ,(((
7UDQV0DJQYROQRSS0DU
>@ 6 =KX 0 &KHQJ -1 'RQJ DQG - 'X ³&RUH ORVV DQDO\VLV DQG
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